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Capillary leak syndrome and disseminated
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- A case report -

Jeong Wook Park'?, Jinyoung Seo', Sang Hun Kim'-, and

Ki Tae Jung'?

'Department of Anesthesiology and Pain Medicine, Chosun University Hospital,
’Department of Medicine, Graduate School, Chosun University, *Department of
Anesthesiology and Pain Medicine, School of Medicine, Chosun University,
Gwangju, Korea

Corresponding author

Ki Tae Jung, M.D.

Department of Anesthesiology and
Pain Medicine, Chosun University
Hospital, 365 Pilmun-daero, Dong-gu,
Gwangju 61453, Korea

Tel: 82-62-220 3223

Fax: 82-62-223-2333

E-mail: mdmole@chosun.ac.kr

Background: Hereditary angioedema (HAE) is a rare disease caused by the deficiency of C1
esterase inhibitor. HAE has a risk of life-threatening complications such as capillary leak syn-
drome (CLS) and disseminated intravascular coagulation (DIC).

Case: A 42-year-old male patient with HAE presented for deceased-donor kidney transplan-
tation. Prophylactic fresh frozen plasma (FFP) was given before surgery because of the risk
of edema development. With careful management during anesthesia, there were no prob-
lems during surgery. However, generalized edema, hypotension, hypoalbuminemia, massive
drainage of serosanguineous fluids from the intraabdominal space, and DIC occurred on the
day after surgery. CLS was suspected and sustained hypotension with generalized edema
became worse despite treatment with albumin, danazol, FFP, and vasoactive drugs. The pa-
tient’s condition worsened despite intensive care and he died due to shock.

Conclusions: The anesthesiologist should prepare for the critical complications of HAE and
prepare the appropriate treatment options.

Keywords: Capillary leak syndrome; Complement C1 inhibitor protein; Complement C1s;
Disseminated intravascular coagulation; Hereditary angioedema; Kidney transplantation.

Hereditary angioedema (HAE) is a rare, life-threatening
autosomal dominant disorder caused by a deficiency of C1
esterase inhibitor (C1-INH), with an estimated prevalence
of 1:50,000 [1,2]. HAE can be classified by the levels of C1-
INH. Type I is diagnosed by low levels of C1-INH and C,
and type Il is diagnosed by normal levels but dysfunctional
C1-INH [1,2]. HAE is potentially fatal because it may pres-
ent with sudden life-threatening edema of the skin and

aerodigestive tract (face, extremities, larynx, genitals, and
trunk) recurrently or spontaneously [2,3]. Thus, patients
are recommended to avoid general anesthesia with endo-
tracheal intubation, or careful prophylactic therapies be-
fore surgery are required if surgery with general anesthesia
is unavoidable. Besides the well-known clinical presenta-
tions, HAE may also produce hypovolemic shock due to
the tissue leakage of fluids [4] and may lead to potentially
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life-threatening conditions such as capillary leak syndrome
(CLS) and disseminated intravascular coagulation (DIC)
[5,6]. Here, we report a case of suspected CLS and DIC after
kidney transplantation in a patient with HAE. The Institu-
tional Review Board approved the study (CHOSUN 2020-
05-005) to publish in a case report and granted a waiver of
consent from the patient.

CASE REPORT

A 42-year-old male patient (height: 165 cm, weight: 61.7
kg) was admitted due to acute kidney injury with dyspnea.
He complained of swelling in the face and upper arms,
which occurred once or twice per year for 30 years. He
could not remember his familial history. During admis-
sion, the patient’s facial swelling got worse and HAE was
suspected. According to the laboratory results, the level of
C4 and C1-INH were 7.15 mg/dl (normal range: 10-40 mg/
dl) and 5.0 mg/dl (normal range: 21-39 mg/dl), respective-
ly. The patient was treated with high doses of androgen
therapy (Danazol, Young Poong Pharma, Korea; 600 mg
daily) as prophylactic maintenance therapy for the swelling
due to HAE. However, his kidney injury worsened and pro-
gressed to chronic kidney disease. A decision for kidney
transplant surgery was made, and he received hemodialy-
sis until surgery.

Seven months later, the patient was selected as the recip-
ient of a kidney from a deceased donor and emergency
surgery was planned. However, his level of C1-INH was still
low (15.7 mg/dl), and there was a risk of edema developing
during surgery. Thus, three units of fresh frozen plasma
(FFP) were administered about one hour before surgery
because C1-INH concentrate was not available due to the
suspension of imports in Korea, although it was designated
as an orphan drug. Anesthesia was induced with thiopen-
tal sodium (5 mg/kg) and cisatracurium (0.17 mg/kg).
Careful intubation by video-laryngoscopy was performed
with a 7.5 mm microcuffed endotracheal tube (Taper
Guard®, Mallinckrodt, Ireland). The cuff pressure was ad-
justed to 20 cmH,0 using a cuff manometer (Mallinckrodt)
and confirmed air leakage at an airway pressure of more
than 20 cmH,0. Anesthesia was maintained with desflu-
rane and remifentanil, and mechanical ventilation was
done with a fresh gas flow of 3 L/min of an oxygen/air mix-
ture. His vital signs were maintained within 30% of the
baseline during surgery. The surgery took about four
hours. The administered fluid and estimated blood loss
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were 1,000 ml and 400 ml, respectively. At the end of the
surgery, neuromuscular blockade was confirmed (train-of-
four > 99%) after the administration of reversal agents (10
mg of pyridostigmine and 0.4 mg of glycopyrrolate). After
confirming the absence of edema in the larynx by video-la-
ryngoscopy, early extubation with mask ventilation before
restoration of consciousness of the patient was done to
avoid irritation of the larynx. The patient recovered con-
sciousness and adequate respiration and was transferred
to the aseptic intensive care unit (ICU). Immunosuppres-
sants (tacrolimus and thymoglobulin), ganciclovir, and
prostaglandin E1 were administered according to the hos-
pital protocol. After surgery, his vital signs remained stable
and urine output was about 190 ml after reperfusion during
the hour in the ICU. During the night, his hemoglobin level
remained at 9.4 g/dl and there were no abnormalities in
the laboratory coagulation tests (platelet count, 202,000;
prothrombin time [PT], 11.5 s; activated partial thrombo-
plastin time [aPTT], 20.7 s; and international normalized
ratio [INR], 1.04).

The next morning, the patient complained of dyspnea
with abdominal discomfort. Then, hypotension (60/30
mmHg) and tachycardia (130 beats/min) developed, and
he lost consciousness (Fig. 1). He was intubated and me-
chanical ventilation was applied, and norepinephrine and
dobutamine were administered for the treatment of hypo-
tension. At that time, abdominal distension with massive
serosanguineous fluids (> 1,000 ml) in the drainage was
found and generalized edema with low urine output (10 ml
over eight hours) was also observed. He showed a low he-
moglobin level (7.3 g/dl) with coagulopathy (PT, 22.8 s;
aPTT, 44.1 s: and INR, 2.04), and DIC was diagnosed (fi-
brinogen < 100 mg/dl; fibrin degradation product, FDP
221 pg/ml: and D-dimer, 27,699 ng/ml). Thus, transfusion
was performed (red blood cells six units; FFP, three units;
cryoprecipitate 10 units: and apheresis platelets, one unit),
and continuous renal replacement therapy (CRRT) was ap-
plied. Despite the treatments, there was no improvement
in his conditions, and an emergency second-look opera-
tion was performed with the suspicion of leakage at the
anastomosis site. However, there was no anastomosis leak-
age and normal blood flow to the kidney was confirmed by
Doppler. Thus, the operation ended without specific treat-
ment.

However, severe generalized edema with hypoalbumin-
emia (2.5 g/dl) was sustained after surgery, although the
C1-INH level had increased to 22.9 mg/dl after the contin-
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Generalized edema Hypotension (60/30 mmHg) Pneumonia
; q Urine output (-) Tachycardia (130 beats/min) Pulmonary edema
P';?g: 2 r}igir]et?t:)rrg]ency kidney Disseminated intravascular coagulation Serosanguineous drainage Rejectionnc()f transplanted kidney
- Dana’z)ol 400 mg PO Loss of consciousness (> 1,000 mi/day) Sustained severe hypotension
- FFP 3U transfusion - - No responese to hemodynamic drugs
. CRRT started Emergency second look operation
Sl sy Ofp o = PELTT Intubation - Mechanical ventilation - No anastomosis leakage
Transfusion - Normal blood flow to kidney

(Doppler)
Diagnosed hereditary angioedema \ " DNAR
- Danazol 400 mg oral medication . . . . . . . Death

6 months
before Operation  POD #1 POD #2 POD #3 POD #4 POD #5
operation

C1INH (mg/dl) 5.0 15.7 229
Hb (g/dl) 12.9 7.3 10.6 10.5 9.4 7.8
WBC (x10°/ul) 6.55 6.36 19.31 12.85 12.1 0.52
Albumin (g/dl) 4.26 25 2.82 2.79 2.43 2.31
BUN (mg/dl) 64.5 26.6 35.6 19.5 20.1 18.7
Creatinine (mg/dl) 14.42 7.76 9.64 3.41 3.2 2.01
Coagulation test

PT 115 22.8 25.3 25.4 29.3

INR 1.04 2.04 2.26 2.27 2.61

a-PTT 20.7 441 30.7 37.1 54.2

Fibrinogen (mg/dl) < 100 169 131 126 123

FDP (ul/ml) 221 216 230 105 335

D-dimer (ng/ml) 27,699 26,626 12,983 3,855
Input

Crystalloid (ml) 2,000 3,130 10,820 8,980 13,230

FFP (unit) 4 3 2 2

RBC (unit) 6 4 2

20% Albumin 2 2 2 2 2
Output 1,049 3,017 5,815 6,364 4,725

Urine output (ml) 190 10 30 30 15

Drainage (ml) 859 > 1,000 1,305 1,506 1,394

CRRT (ml) 2,007 4,480 4,828 3,316

— Danazol 400 mg PO >

Ganciclovir, Tacrolimus, Prostaglandin E1, Thymoglobulin —————

CRRT, Mechanical ventilation >
Treatment -

Hypotension management with norepinephrine, dobutamine —»

Transfusion (RBC, FFP, Platelet, Cryoprecipitate) ———

- 20% Albumin x2/day B

Fig. 1. Course and treatment of the patient after surgery. A patient with hereditary angioedema who was treated with danazol presented for
deceased-donor kidney transplantation. Generalized edema with hypoalbuminemia developed the day after surgery and severe hypotension
occurred. Despite intensive care, the patient died due to shock. DDKT: deceased-donor kidney transplantation, FFP: fresh frozen plasma, CRRT:
continuous renal replacement therapy, DNAR: Do-Not-Attempt-Resuscitation, C1-INH: C1 esterase inhibitor, Hb: hemoglobin, WBC: white blood
cells: BUN: blood urine nitrogen, PT: prothrombin time, INR: international normalized ratio, aPTT: activated partial thromboplastin time, FDP:
fibrinogen degradation products, RBC: red blood cell, POD: postoperative day.
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uous administration of 20% albumin, danazol at 400 mg via
a Levin tube, and FFP transfusions. We thought that the
worsening of the patient’s condition despite increases in
the C1-INH level was due to harmful substrate proteins in
the FFP, and would be transient. The laboratory blood cul-
ture results showed no evidence of bacterial growth. De-
spite intensive care with hypotensive drugs, transfusions,
and CRRT, his condition worsened because of sustained
generalized edema with hypoalbuminemia, coagulopathy,
and DIC. On the fourth day after the surgery, pulmonary
edema, pneumonia, and rejection of the transplanted kid-
ney developed and sustained severe hypotension without
response to hemodynamic drugs was seen. The patient's
guardians did not want any additional treatment and the
patient died because of shock after a day.

DISCUSSION

The complement system contributes to the immunologi-
cal defense mechanism of the body. HAE is caused by a
SERPINGI gene (Serine Protease Inhibitor Gene 1 present
on the Long Arm of Chromosome 11 [11q]) defect, which
results in decreased or dysfunctional C1-INH [1-3]. Al-
though HAE attacks are unpredictable and the triggering
factors are unclear, numerous physical stimuli such as den-
tal and surgical procedures, emotional stress, infections,
and medications can be triggering factors of life-threaten-
ing angioedema [1-3]. Still, there are no definite periopera-
tive guidelines for the prophylaxis of an HAE attack. How-
ever, the following prophylactic therapy is usually suggest-
ed: C1-INH concentrate, 1,000 units before surgery; andro-
gens such as danazol (400 to 600 mg/day), five days before
and five days after surgery or a procedure; and FFP (two
units for adults, 10 ml/kg in children), one to two hours be-
fore surgery [1-3]. Among those treatments, C1-INH con-
centrate or androgens is known to have the best effect.
Tranexamic acid can also be used for long-term prophylax-
is, especially in children, but it has not been recommended
recently because it has little benefit as short-term prophy-
laxis or for the acute treatment of HAE attacks due to its
delayed onset of action [7]. However, some patients under-
go HAE attacks after surgical procedures despite prophy-
laxis. Thus, careful approaches to the patient with rescue
management are required [3].

The patient in our case was diagnosed with type I HAE
with low levels of C1-INH and C4, and we used the prophy-
lactic administration of FFP instead of C1-INH concentrate
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before surgery because it was not available in Korea. De-
spite prophylactic treatment with FFP, generalized edema
developed in the patient, and the catastrophic outcome of
DIC developed. We will discuss the possible causes of the
deterioration of the patient's condition.

C1-INH plays an important role in the regulation of not
only the classical pathway of the immune system but also
the plasminogen-plasmin and kallikrein-kinin systems
(contact system), and coagulation/fibrinolysis [8]. The de-
ficiency or dysfunction of C1-INH in patients with HAE
predominantly results in the increased activation of brady-
kinin by kallikrein, which leads to vasodilation, an increase
in vascular permeability, and the typical angioedema of
HAE. In patients with HAE, C3 and C1/C1-inhibitor com-
plexes are easily activated by physical stress [9]. Especially,
complement activation is associated with ischemia/reper-
fusion injury during cold storage of the organ and rejec-
tion, and is considered the major factor in graft failure after
transplantation by triggering tissue damage and interfering
with the anticoagulant and fibrinolytic capacity of the vas-
cular endothelium [10]. Our patient was a kidney trans-
plant recipient with the possibility of increased activation
of the immune system. Therefore, it is thought that the reg-
ulation of complement activation would not be achieved
after major surgery because of C1-INH deficiency in our
patient, resulting in the acute rejection of the transplanted
kidney by excessive complement activation.

CLS is one of the common complications associated with
low C1-INH activity [10]. CLS is characterized by hypoten-
sion or multi-organ failure by massive third-space loss of
fluids due to increased capillary permeability, which is ac-
companied by extravasation and diffuse edema. We con-
sidered CLS as the cause of the sustained hypotension be-
cause of the distinguishing features such as generalized
edema with hypoalbuminemia despite albumin treatment,
massive drainage of serosanguineous fluids from the in-
traabdominal space without anastomosis leakage, and the
absence of anaphylaxis or sepsis, which should be ruled
out due to similar characteristics [11]. Treatment for the
prevention of antibody-mediated rejection after kidney
transplantation has the potential risk for developing CLS
(3]

C1-INH also plays a significant role in both coagulation
and fibrinolysis [8]. The activation of C1-INH leads to
thrombin generation and plasmin inhibition, which ac-
counts for about 15% of the fibrinolysis. Hence C1-INH de-
ficiency can lead to pathologic thrombosis. Generally, HAE
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is not associated with coagulation properties clinically.
However, there is a possibility that C1-INH deficiency
might affect the coagulation system in the pathologic con-
dition. Kodama et al. [12] revealed that the symptom of an
HAE attack in older adults was hypercoagulation because
activation of the complement system mainly activates the
tissue factor pathway instead of the kallikrein-kinin system.
Such physiologic changes with aging lead to the generation
of thrombin and the activation of antithrombin-III during
an HAE attack, which precipitates DIC. The hypercoagula-
bility of pregnancy and intravascular fluid depletion due to
increased vascular permeability during an HAE attack may
also contribute to the development of DIC [6]. In our pa-
tient, DIC developed simultaneously from the severe intra-
vascular volume depletion in the HAE attack. The de-
creased hemoglobin level due to DIC was misinterpreted
as anastomosis leakage and interfered with the diagnosis
of CLS.

In the treatment of acute HAE attacks, C1-INH concen-
trate, ecallantide (a kallikrein inhibitor) and icatibant (a
bradykinin B2-receptor antagonist) are recommended as
the first-line drugs [7]. However, as mentioned above, none
of those drugs were available in Korea at that time, and it
was very regrettable that they could not be administered to
the patient. The administration of C1-INH concentrate re-
stores the inhibitory action of complement system by cor-
recting the C1-INH deficiency or dysfunction. Also, C1-
INH concentrate is generally well-tolerated in the treat-
ment of CLS after kidney transplantation caused by the
preventive treatment of antibody-mediated rejection [11].
Daily intravenous infusions of C1-INH concentrate also
showed effectiveness in patients with HAE accompanied
by ascites, hypovolemic shock, and renal and respiratory
failure who did not tolerate conventional ICU treatment [5].
Moreover, C1-INH concentrate is considered a multifunc-
tional regulator of the cascade systems, which were recent-
ly shown to improve graft function by inhibiting comple-
ment activation and reducing the postoperative inflamma-
tion [10]. Our patient would have been better if he was
treated with C1-INH concentrate. Fortunately, icatibant
has recently become available in Korea and is thought to
help severe HAE attacks like that of our patient because it
can mediate vasodilatation and increase capillary permea-
bility by preventing the receptor binding of bradykinin [7].
The use of FFP should only be considered when the first-
line drugs are not available in an HAE attack. FFP is known

as an effective substitute for C1-INH concentrate during
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HAE because it contains C1-INH. However, FFP may wors-
en the symptoms paradoxically because it contains not
only C1-INH but also other substrates such as kininogens
[3]. Therefore, the anesthesiologist should monitor the pa-
tient’s condition during an HAE attack treated with FFP.
There is a possibility that the poor outcome of our patient
despite the increase in C1-INH levels after the massive
transfusion of FFP was due to the increase in harmful sub-
strates administered in the FFP. Unfortunately, our patient
had no option for treatment except FFP.

In conclusion, HAE is a disease with a decrease or dys-
function of C1-INH, which may lead to life-threatening
complications such as CLS and DIC. Careful prophylactic
therapy with androgen, FFP, and C1-INH concentrates is
essential before surgery. However, in stressful conditions
such as organ transplantation, HAE attacks may occur de-
spite prophylactic treatment and produce fatal complica-
tions such as hypovolemic shock due to CLS and DIC. C1-
INH concentrate may be an important option for severe
HAE attacks. We experienced a case of suspected CLS and
DIC after kidney transplantation in a patient with HAE.
Unfortunately, we could not use C1-INH concentrate for
the patient at the appropriate time. In Korea, C1-INH con-
centrate is not available. However, the use of recently
proved icatibant might help treat a severe HAE attack. If
those first-line drugs are not available, FFP should be used
with careful monitoring. The anesthesiologist should un-
derstand the critical complications of HAE and prepare the
appropriate treatment options.
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